The effect of initial grain size on the recrystallization behavior of a type 304 austenitic stainless steel during and following hot deformation was investigated using hot torsion. The refinement of the initial grain size to 8 lm, compared with an initial grain size of 35 lm, had considerable effects on the dynamic recrystallization (DRX) and post-DRX phenomena. For both DRX and post-DRX, microstructural investigations using electron backscattered diffraction confirmed an interesting transition from conventional (discontinuous) to continuous DRX with a decrease in the initial grain size. Also, there were unexpected effects of initial grain size on DRX and post-DRX grain sizes.
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The effect of initial grain size on the recrystallization behavior of a type 304 austenitic stainless steel during and following hot deformation was investigated using hot torsion. The refinement of the initial grain size to 8 lm, compared with an initial grain size of 35 lm, had considerable effects on the dynamic recrystallization (DRX) and post-DRX phenomena. For both DRX and post-DRX, microstructural investigations using electron backscattered diffraction confirmed an interesting transition from conventional (discontinuous) to continuous DRX with a decrease in the initial grain size. Also, there were unexpected effects of initial grain size on DRX and post-DRX grain sizes. THE objective for thermomechanical processing of steels is generally to improve the final mechanical properties by refining the room-temperature grain size. In the steel industry, this achieved through austenite conditioning, where the large initial, as cast or reheated, grain size is refined through recrystallization during or after deformation. In structural steels, there is also transformation from austenite to ferrite. Insight into the hot-working behavior of steels is often obtained through the use of alloys that do not transform during quenching to room temperature. This includes the use of conventional stainless steels or Fe-Ni model alloys to study the dynamic and static recrystallization reactions.
The characteristics of dynamic recrystallization (DRX) and post-DRX in austenite at a constant initial grain size and under different deformation conditions have been studied by numerous authors. [1] [2] [3] [4] [5] [6] [7] [8] The initial grain size has a strong influence on the kinetics of recrystallization and microstructure due to the change in the grain-boundary surface area, which is the principal nucleation site. It is well known that in hot deformation, a decrease in the initial grain size will accelerate the onset of DRX, increase DRX kinetics and also affect the microstructural and mechanical characteristics of the deformed structure. [5, 9, 10] While for a given deformation condition, the effect of initial grain size on DRX final grain size and steady-state stress is less pronounced, a transition from single-to multiple-peaks behavior is reported in several materials when the initial grain size is decreased below a critical value. [5, 11, 12] Conventional DRX of austenite usually occurs through a discontinuous mechanism, involving nucleation and growth of strain-free grains, [2, 13] i.e., by serration, bulging, and then migration of original highangle grain boundaries (HAGB). However, under certain test conditions or initial microstructures, a transition from discontinuous recrystallization (DDRX) to continuous recrystallization (CDRX) has been reported in austenite. [11, 14, 15] For example, a transition from DDRX to CDRX was observed in 316L austenitic stainless steel with a decrease in the deformation temperature (starting with a similar initial grain size and at similar strain rates). [15] In other research, [11] decreasing the initial grain size to a very small value of 2.8 lm in 304 austenitic stainless steel led to a continuous type of DRX based on grain-boundary sliding. Continuous recrystallization, which also has been termed ''rotation recrystallization,'' ''in-situ recrystallization,'' or ''extended recovery,'' is accompanied by a continuous increase in the misorientation of low-angle grain boundaries (LAGB) without (or very limited) migration of HAGB. Such a mechanism is common in the superplastic deformation of some high SFE metals, such as Al alloys, [16, 17] Mg alloys, [18] and ferritic steels. [19] [20] [21] The significant effects of initial grain size on the post-DRX recrystallization in different materials has also been reported in a number of studies. [14, 22] For example, it has been shown that during annealing of a deformed Al alloy, a transition from DDRX to CDRX can occur with a considerable decrease in the initial grain size. [22] Numerous researchers have studied the DRX and post-DRX behaviors of steels and other alloys, considering the effect of different variables, including temperature, chemical composition, and strain rate. [1, [23] [24] [25] However, there are few studies on the influence of initial grain size, particularly for very fine initial grain sizes, on these phenomena. This is of particular interest in rolling processes that aim to produce very fine grain sizes in the austenite. For example, in hot-strip mills or bar mills, it is possible that very fine grain sizes could be produced between passes, and it is important to understand the effect of this on the subsequent deformation and recrystallization behavior(s). Therefore, the present work aims to study the DRX and post-DRX processes for a very fine initial grain-size material and compare this with a typical coarser initial grain size.
II. EXPERIMENTAL METHODS
A Type 304 austenitic stainless steel with chemical composition (wt pct) of Fe-0.02 pct C-1.6 pct Mn-8.2 pct Ni-18.5 pct Cr-0.8 pct Cu was used in this study. Torsion samples with a gage length of 20 mm and a diameter of 6.7 mm were machined from rolled bars. The detailed description of test equipment and torsion samples has been provided elsewhere. [26] Hot-(or warm-) torsion tests were carried out under different deformation conditions of temperature and strain rate. A roughing process at 1200°C was used to achieve a homogenized microstructure. The samples were then cooled at 1°Cs -1 to 900°C and held for two minutes, resulting in a homogenized microstructure with an average grain size of 35 lm. To obtain a smaller grain size, the samples were further deformed to a strain of 1.5 at a strain rate of 1 s -1 . The deformed samples were then held for 33 seconds at this temperature, resulting in a homogenized microstructure with an average grain size of approximately 8 lm.
From here, the following different deformation processes were performed on the samples with both initial grain sizes of 35 and 8 lm.
(a) To investigate the deformed microstructure (DRX process), samples were cooled to various deformation temperatures, deformed to different strains at different strain rates, and immediately quenched by water spray. (b) To study the postdeformation recrystallized microstructure, the deformed samples were held for different times before quenching. (c) To measure the softening fraction, the deformed samples were held for different times and followed by a second twist to a strain of 0.2 or higher (at the same temperature and strain rate as the first deformation).
Metallographic observations were performed on tangential sections at a depth of approximately 100 lm below the gage surface. The microstructure of mechanically polished surfaces were investigated by electron backscattered diffraction (EBSD) under an accelerated voltage of 20 kV, a working distance of 25 mm from the gun, and an aperture size of 60 lm. The EBSD maps were analysed using HKL technology channel 5 (Oxford Instruments HKL, Hobro, Denmark). The linear-intercept method [27] was used to measure the DRX-grain sizes where the twin boundaries were not counted as grain boundaries. The softening fraction was measured using the offset-stress method. [8] III. RESULTS
A. Effect of Initial Grain Size on Dynamic Recrystallization
The initial grain size only slightly affected the general shape of flow curves (Figure 1 ), although several obvious differences were observed in the detail of these curves. These differences varied with the deformation temperature (Figure 1(a) ) or strain rate (Figure 1(b) ). While at low temperatures, this effect was negligible (i.e., 700°C) and increasing the temperature increased this difference. At a deformation temperature of 750°C, the flow curve of the finer-grain material showed a slight peak followed by a steady state, while the flow stress of the coarse-grain material increased continuously to the steady state, indicating a clear delay in the initiation of DRX. By increasing the temperature to 850°C or higher, the typical DRX-flow curve was observed for both initial grain sizes but with considerably different peak and critical strains and stresses. As a general trend, the peak stress and strain of the fine-grain material was significantly lower than that of the coarse-grain material. This is expected, [28] whereas the difference in the steady-state stress is usually not reported. [28, 29] The influence of initial grain size at different strain rates (constant temperature) was similar to the effect of temperature ( Figure 1(b) ). While the yield stress is often higher for the finer-grain size, the peak and critical strains and stresses decreased noticeably with a decrease in initial grain size, with this effect more pronounced at lower strain rates.
The peak and critical strains showed different relationships with the deformation conditions (i.e., ZenerHollomon value, Z) in the fine-grain material, compared with the coarse-grain material ( Figure 2 ). While for all Z values, the peak and critical strains of the fine-grain material were lower than for the coarse-grain grains, a slope change was observed in the fine-grain material at a critical Z value (for Q def = 400 kJ/mol) of approximately 10 17 . Peak and critical strains of the fine-grain material became almost Z independent beyond this critical Z value. On the other hand, the difference between critical and peak strains of fine-and coarsegrain materials decreased with decreasing Z. Overall, though, the ratio of e p /e c was much larger for the finegrain material ( Figure 2 ).
The effect of initial grain size on peak stress was considerably lower than its effect on peak strain ( Figure 3) , with no slope change observed in the finegrain material at high Z values. Figure 3 suggests that the difference between the peak stress of fine-and coarse-grain materials was negligible at very high Z values.
The Z values used in the previous graphs (Figures 2 and 3) had been calculated based on an activation energy (Q) of 400 kJ/mol, previously derived from the flow curves of hot-deformed samples with an initial grain size of 35 lm. [7] This value was based on the assumption that the initial grain size has no effect on the flow stress. [30] However, as observed in Figure 1 , the effect of grain size is considerable, and the extent of this effect varies with deformation temperature or strain rate ( Figure 3 ). Therefore, it is possible that the initial grain size will affect the activation energy.
The flow curves and the results of their analysis (peak strain and stress) have been used to estimate the activation energy of hot deformation based on the following equation used by Sellars and Tegart: [30] 
where _ e is the strain rate (s -1 ); A, a, and n are constants independent of temperature; r is the stress (MPa), Q is the hot-deformation activation energy (kJ/mol), R is the gas constant, and T is the absolute temperature (Kelvin). Using linear-regression methods and the value of a, which led to the smallest standard deviation, the values in Table I were found for the preceding equation (based on the procedure explained in Reference 31).
The value of Q for the coarse-grain material (approximately 400 kJ/mol) is in good agreement with the value of activation energy of 304 austenitic stainless steel proposed by others, [2, 25, 32] working mostly on materials with an initial grain size of 50 lm or above. No value was found for the activation energy of fine-grain austenitic stainless steel in the literature.
Although the reason for the effect of initial grain size on the activation energy is not well understood, one possibility is that different mechanisms (or a range of mechanisms) control hot deformation for the fine and coarse initial grain conditions. If the recrystallization mechanism changes from DDRX to CDRX (or as Belyakov et al. [11] have had proposed to grain-boundary sliding) with decreasing initial grain size, this may explain the change in activation energy. Discontinuous dynamic recrystallization, which is based on the serration and local migration of grain boundaries (bulging), needs a different level of energy compared to CDRX, which is based on the increasing misorientation of subboundaries. This possibility will be discussed later using the microstructure evidence. A similar effect of initial grain size on the activation energy of a warm-deformed Ti interstitial free steel has been reported by Oudin et al. [29] The effect of different deformation parameters (at a constant initial grain size of 35 lm), such as temperature, strain, and strain rate, on the DRX and post-DRX microstructures of this steel were presented in other previous work. [1, 4, 6, 7] As the initial grain size has a pronounced effect on the evolution of the deformed microstructure, its effect was investigated at a constant deformation temperature of 900°C and a strain rate of 0.01 s -1 for the two initial grain sizes. Both initial microstructures consisted of equiaxed grains with a large quantity of twin boundaries of 50 and 43 pct for the coarse and fine initial microstructures, respectively ( Figure 4 ).
The deformed microstructures at different strains strongly depend on the initial grain size (Figures 5 and  6 ). Under the present deformation condition, the conventional DRX features, such as grain-boundary serration, bulging of new DRX grains on serrated preexisting grain boundaries, and formation of necklace structure are observed in the coarse material ( Figure 5 ).
In the fine-grain material, the serration of grain boundaries was less obvious. However, a large quantity of new DRX grains formed on the pre-existing grain boundaries and particularly at the triple junctions ( Figure 6(a) ). Because the number of triple junctions in the fine-grain material is much higher than for the coarse grain, a large number of new grains were formed at these sites, and, therefore, the necklace structure was less apparent. With increasing strain beyond the peak stress ( Figure 6(b) ), more new small grains were formed on the pre-existing grain boundaries or within the grains. The final microstructure (Figure 6(d) ) consisted of small equiaxed grains which replaced the initial structure. Apart from the preceding differences, another important difference between the microstructure developed from the fine and coarse initial grains is the formation of substructure and its role in the evolution of DRX. The microstructure developed in the coarse-grain material can be characterized by two types of deformation substructure. The first consisted of a dense cell structure, which mainly appeared adjacent to the initial grain boundaries. The second type included some elongated sub-boundaries with large distances between them. The later type was mainly formed in the grain interior. However, the major part of the substructure in the finegrain material was from the second type. Figure 7 shows examples of such substructures in both materials. These are the same samples shown in Figures 5(c) and 6(b) , respectively.
To gain a better understanding of the influence of the initial grain size on the evolution of microstructure and substructure during hot deformation, the average linearintercept distances of LAGB (i.e., l 1.5 ) and HAGB (i.e., l 15 ) were measured. The average distances of LAGB in the fine-grain material decreased rapidly with increasing strain and reached a steady state (approximately 3 lm) at a strain as low as 0.5. In contrast, this value in the coarse-grain material decreased slowly but reached the nearly same steady-state value at a much higher strain of 1.5 ( Figure 8 ). The linear intercept between HAGB shows a distinctly different dependency to the initial grain size. While the l 15 in the fine-grain material decreased dramatically with increasing strain and reached a steady-state value of approximately 4 lm at a strain of 1.0, this steady state for coarse-grain material is approximately 6.5 lm at a strain of 2.0 ( Figure 9) . Therefore, the effect of initial grain size on HAGB distances (or steady-state grain size) is stronger than on LAGB distances.
The frequency of LAGB, which is superimposed in Figure 8 , shows the difference in the substructure evolution during hot deformation for the fine-and coarse-grain materials. While a high quantity of LAGB formed in the coarse-grain material, their frequency in the fine initial grain size is considerably lower. Both curves reached a steady state at high strains. However, this steady state value (i.e., LAGB pct) in the coarsegrain material is almost twice the fine-grain material. As observed in the flow curves, the critical and peak strains of the fine-grain material are less than the coarse grain, indicating DRX has started earlier than in the coarse-grain material. Figure 10 shows the difference between the DRX kinetics for both materials under a constant deformation condition of 900°C and 0.01 s -1 , which supports that DRX commenced much sooner than in the coarse grain and also has reached a maximum value at a lower strain.
To compare between the kinetics of DRX in both materials and over a wide range of deformation conditions, the Avrami exponent was measured under different deformation conditions (Z values) from the flowcurve analysis. Assuming that the mechanical softening observed on the flow curves is directly related to the DRX volume fraction, the following constitutive equation can give the recrystallized fraction (X) at any strain beyond the initiation point of DRX: [12] X ¼ r s À r r s À r ss ½2
where r s is the saturation stress in the absence of DRX, which can be considered as peak stress, and r ss is the steady-state stress. Therefore, the Avrami exponent (n) can be determined by plotting the ln (ln (1/(1 -X) ) as a function of ln (e -e p ). [33] The Avrami exponent was determined at different deformation conditions for both fine-and coarse-grain materials (Figure 11 ). While the deformation conditions did not show any significant effect on this value, the effect of initial grain size is considerable with the fine-grain material having a higher n value, indicating a higher rate of DRX. The most important reason for the effect of initial grain size on DRX kinetics could be related to the amount and the nature of available nucleation sites. In fact, decreasing the initial grain size will increase the number of grain corners or triple junctions (the best sites for initiation of DRX grains), grain edges, and grain surfaces. Additionally, assuming similar nucleation at the grain edges and grain surfaces (grain boundaries) for a given grain-boundary migration rate, the DRX period will be completed sooner for the fine-grain material.
B. Effect of Initial Grain Size on Postdynamic Recrystallization
The effect of initial grain size on postdynamic recrystallization is reported through its effect on the time for 50 pct softening (Figure 12 ). The considerable effect of initial grain size on both the strain dependent and independent regions is obvious, even though it is generally accepted that grain size should have no effect on the strain-independent region. [34] However, its influence on the strain-dependent region, where static recrystallization (SRX) is assumed to be the dominant softening mechanism, [23, 35] is stronger than the strainindependent region. The transition strain, e * , is also affected by the initial grain size, decreasing with decreasing initial grain size.
Electron backscattered diffraction analysis was performed on both fine and coarse initial grain materials deformed to a strain of 1.0 (at 900°C and 0.01 s -1 ) and held for different times before quenching. A considerable effect of initial grain size was observed on the linear intercept of HAGB during unloading. The normalized average grain size (linear intercept), d/d 0 , during annealing ( Figure 13) showed that, while in the fine-grain material, the recrystallized-grain size reached the initial grain size after a short annealing time (approximately 100 seconds) and then grew quickly; in the coarse-grain material, the recrystallization and coarsening rate was much lower, and the recrystallized-grain size could not attain the initial grain size even after annealing for very long times. This indicates the more effective coarsening process after recrystallization of the fine-grain material compared to the coarse-grain one. Interestingly, the final grain sizes (after 1200 seconds of unloading time) in both materials were very similar.
The evolution of the fully recrystallized-grain size as a function of strain ( Figure 14) implies that strain is an important variable and, similar to t 50 , there is a straindependent and a strain-independent region with a transition strain. The initial grain size has a great effect on the recrystallized-grain size for both the straindependent and independent regions; again no effect is expected in the strain-independent region. [36] The effect of initial grain size on the strain where the grain-size dependency to the strain changed from strain dependent to strain independent was also significant. 
IV. DISCUSSION
The present results imply significant effects of initial grain size on microstructure development during and after hot deformation. In other words, the mechanical properties, the microstructural characteristics, and the kinetics of both DRX and post-DRX clearly depend on the starting microstructure. Generally, it is accepted that grain size will play a major role in the initiation of DRX and the rate of SRX, whereas its effect on DRX and post-DRX is expected to be minor. However, this is clearly not the case in the current work.
One potential reason for an effect of grain size is a change in the DRX mechanism. Previous work on Al alloys, [16, 17] Ni-30Fe, [37] and stainless steel [11] have shown occurrence of CDRX in materials with a very small initial grain size. In the present work, there is some evidence to support a change from DDRX to CDRX by the microstructure and substructure analysis of the fine-and coarse-grain materials. The deformed microstructure of the fine-grain material showed that the misorientation of some segments of the substructure network increased during deformation and changed to HAGB (arrows in Figure 7 ). This type of increase in the misorientation of LAGB inside the deformed grains is consistent with the CDRX model proposed by Gourdet and Montheillet. [38] Therefore, CDRX can be considered as an alternative mechanism acting together with the conventional DRX in the fine-grain materials. On the other hand, as mentioned previously, the formation of DRX grains at triple junctions and nonequilibrium grain-boundary junctions (i.e., quadruple junctions) in the fine-grain material suggests the formation of these grains by the grain-boundary sliding mechanism. [39] Nevertheless, some new DRX grains were also formed based on the bulging of initial grain boundaries in finegrain material.
An important microstructural parameter that can affect the recrystallization during hot deformation of fine and coarse initial grain materials is the number of triple junctions. As the number of these junctions, which are highly favorable sites for nucleation of DRX grains, [39, 40] is very high in the fine-grain materials, the nucleation of DRX grains can start at lower strains on these junctions (it does not need the initial grain boundaries to serrate). For example, it has been mathematically shown [12] that the number of nucleation sites (for a nucleus with a 1-lm diameter) at triple junctions for a material with an initial grain size of 8 lm is almost 20 times more than for an initial grain size of 35 lm. The formation of a DRX grain on these junctions can also change the DRX structure from a necklace to a homogeneously distributed structure ( Figure 6 ). According to Miura et al., [41] grain-boundary sliding is the most probable mechanism for nucleation at these triple junctions.
The difference in the DRX process in the fine-and coarse-grain materials can be traced through the different effect of deformation on sub-boundary (h < 15 deg) and boundary (h > 15 deg) evolution during hot deformation. Comparison between Figures 8 and 9 shows that the difference between the average linear intercept of low-(l 1.5 ) and high-(l 15 ) angle grain boundaries in the fine-grain material is less than the coarse-grain material. This demonstrates that a DRX mechanism based on the coalescence of sub-boundaries (i.e., CDRX) can play an important role in the progress of DRX for the fine-grain material. On the other hand, the low sensitivity of l 15 in the fine-grain material to strain (at strains higher than 1.0) suggests that a mechanism based on the rearrangement of HAGB, such as grain-boundary sliding, may be responsible for DRX of samples deformed at any strain higher than 1.0. In the coarse-grain material, the insensitivity of average linear intercept to the strain occurred at a strain much higher than the fine-grain material.
The difference in the DRX mechanism of fine-and coarse-grain materials also caused a moderate effect on the recrystallized-grain size. This is somewhat in contrast to other work, with reports of no effect of initial grain size on the DRX-grain size. [5, 11, 42] Figure 15 shows the dependency of the DRX-grain size on the initial grain size as a function of Z. For comparison, the DRXgrain size observed by hot deformation of an ultrafinegrain size (2.8 lm) austenitic stainless steel [11] has been superimposed to this figure. This ultrafine-grain structure was developed by multiple warm compression while decreasing the temperature from 950°C to 600°C (50°C at each pass). [43] These small grains were formed through CDRX under warm-deformation conditions and static recovery (and grain growth) during heating to the next pass. [11] As is clear in Figure 15 , there is a dependency of DRX-grain size to the initial grain size, and this dependency increases with decreasing initial grain size. However, no noticeable dependency was observed for initial grain sizes larger than 35 lm. [1, 44] One logical explanation for this effect is the difference in the DRX mechanisms for the different initial grain sizes noted previously. It is reasonable to expect a difference between the grain size of a discontinuously recrystallized microstructure (evolved based on the local migration of grain boundaries) and a continuously recrystallized microstructure (evolved based on the coalescence of subgrains). Grain growth may play another role for the finergrain size in CDRX compared with DDRX. When CDRX is involved, experimental results have shown that the migration rate of HAGB is almost three orders of magnitude smaller than when DDRX is involved. [45, 46] Therefore, it can be expected that the grain growth is limited where CDRX is dominant, and the grain size becomes finer than DDRX.
The preceding discussion implies that while in coarsegrain material, the conventional DRX, i.e., the serration and bulging of pre-existing grain boundaries, is the dominant restoration mechanism, a mix of conventional and CDRX, as well as grain-boundary sliding operates as the restoration mechanism in the fine initial grain materials. On the other hand, a comparison between the present results and other relevant work [11, 16, 44, 47] suggests a mechanism transfer from conventional DRX (DDRX) to CDRX and then to grain-boundary sliding with a decrease in the initial grain size. However, a wide overlap area between the different mechanisms is possible.
A. Effect of Initial Grain Size on Postdynamic Recrystallization
The effect of initial grain size on t 50 in the straindependent region, where static recrystallization is the most important softening mechanism, [35] is expected. Because the grain boundaries are the sites for initiation of SRX grains and the number of these sites in the fine initial grain material is much higher than the coarsegrain one, the rate of recrystallization should be higher. However, in the strain-independent region, where the post-DRX is the most important restoration mechanism, [35] there should not be any major dependency on the initial grain size, at least whenever a similar mechanism is the responsible for recrystallization.
Similar to DRX, the change in the mechanism of recrystallization can be considered as a possible reason for such an effect of the initial grain size on post-DRX kinetics. Belyakov et al. [14] have shown that, unlike the coarse initial grain size, the recrystallization process during the annealing of a very fine grain size 304 stainless steel is continuous, followed by a normal grain growth. The same transition from discontinuous to continuous static recrystallization with a decrease in the initial grain size has also been reported for some Al alloys. [22] In the present work, the transition between DDRX and CDRX during the unloading can be monitored by EBSD analysis. The change in the frequency of HAGB represents a very reliable method to identify the nature of the recrystallization process during annealing. [22, 48] Based on this hypothesis, when the recrystallization mechanism is discontinuous, there is a relatively sharp increase in the frequency of HAGB. This is due to the quick consumption of deformed substructure by recrystallizing grains, and, therefore, a major decrease in LAGB frequency. On the other hand, when CDRX occurs, there is little change in the frequency of HAGB. Figure 16 shows a sharp increase in the frequency of HAGB with increasing annealing time in the coarsegrain material. However, in the fine-grain material, this sharp slope does not exist. Figure 16 shows that while there is no obvious change in the HAGB frequency in the fine-grain material, more than 50 pct mechanical softening (t 50 ) has occurred in this material. However, in the coarse-grain material, 50 pct softening was accompanied with a large increase in the HAGB frequency. The EBSD analysis implied that 50 pct softening in the fine-grain material can mainly be through the growth of recrystallized grains ( Figure 13 ). However, static recovery (prior to CDRX) can also be considered as a restoration mechanism in this material.
The preceding considerations suggest that CDRX is an important mechanism for postdynamic softening in the fine initial grain material.
V. CONCLUSIONS
The effect of initial grain size on recrystallization during and following hot deformation of austenite was examined using a 304 austenitic stainless steel in torsion. The main points raised from this study are as follows.
1. As expected, the peak and critical strains decreased with initial grain size and followed a power-law function with the Zener-Hollomon parameter. However, at a critical value (Z approximately 10 17 ), the finer-grain size showed almost no change with increasing Z; for the coarse-grain size, there was no change in behavior over the entire Z range. 2. The activation energy for hot working changed from 407 to 354 kJ/mol for the coarse-and finegrain materials, respectively. 3. Contrary to most work where the dynamic grain size is independent of the initial grain size, decreasing the initial grain size to the very low value of 8 lm led to a finer dynamic grain size. It also increased the recrystallization kinetics after deformation, most importantly, in the strain-independent regime which has again been previously thought to be insensitive to initial grain size. 4. There was evidence that the fine initial grain size promoted CDRX. 5. The Avrami exponent, n, in the fine-grain material was almost 1.5 times greater than the coarse-grain material.
